Nonalcoholic fatty liver disease (NAFLD) is an emerging disease with a broad spectrum of liver conditions. The complex molecular pathogenesis of NAFLD is still unclear. In this study, we conducted an analysis of microRNA (miRNA) expression profiles in liver of rats made NAFLD by different diets. To this aim, Sprague-Dawley rats were fed ad libitum for 3 months with different diets: standard diet (SD), diet enriched in fats and low in carbohydrates (HFD), SD with high fructose (SD-HF) and diet with high levels of fats and fructose (HFD-HF). Our results demonstrated that the treatment with different dietetic regimens caused a significant increase of the body weight and the alteration of some metabolic parameters compared with control animals, as well as various liver injuries. The miRNAs analysis showed the significant downregulation of three miRNAs (miR-122, miR-451 and miR-27) and the upregulation of miR-200a, miR-200b and miR-429 in HFD, SD-HF and HFD-HF rats. Besides, miR-21 expression was significantly decreased only in fructose-enriched diets. These miRNAs target molecules involved in the control of lipid and carbohydrate metabolism, signal transduction, cytokine and chemokine-mediated signaling pathway and apoptosis. Western blot analysis of PKCd, LITAF, ALDOLASE-A, p38MAPK, PTEN, LIPIN1, EPHRIN-A1, EPHA2 and FLT1 showed a diet-induced deregulation of all these proteins. Interestingly, the expression pattern of LITAF, PTEN, LIPIN1, EPHRIN-A1, EPHA2 and FLT1 might be well explained by the trend of their specific mRNAs, by potentially regulatory miRNAs, or both. In conclusion, we highlight for the first time the potential involvement of novel determinants (miRNAs and proteins) in the molecular pathogenesis of diet-induced NAFLD.
It is well known that the prevalence of NAFLD associates with several risk factors including obesity, metabolic syndrome and type 2 diabetes, and it is interrelated in a complex manner with insulin resistance. 5, 6 To date, the molecular pathogenesis of NAFLD is still unclear. However, the advent of new high-throughput technologies (ie microarrays) is enabling the deep investigation of the complex network of interactions between gene/proteins and biological response during the development of simple steatosis and progression to NASH and fibrosis. [7] [8] [9] In fact, in recent years, significant information in the understanding of NAFLD pathogenesis has been gained by examining the data accumulated by high-throughput technologies. 10, 11 Often a single approach is not sufficient to give a comprehensive picture of hepatic dysfunctions occurring in NAFLD, and somewhat, a multiple-approach combination of different techniques is recommended. 12 Calvert et al 13 showed a good example of integration of system biology with reverse-phase protein microarray analysis to define genetic architecture of NAFLD. Very recently, also microRNA (miRNA) expression profiling has provided important insights into molecular mechanisms involved in the development of NAFLD. 14 From the revolutionary discovery of the first miRNA in Caenorhabditis elegans (1993) to date, hundreds of distinct miRNAs in mammalian cells have been identified. 15, 16 MiRNAs are 'noncoding' RNAs that negatively regulate, at a post-transcriptional level, the synthesis of several proteins implicated in many different cellular processes, including cell proliferation, differentiation and apoptosis. 17 The human genome is now predicted to encode B1000 miRNAs that likely regulate at least one third of all human transcripts. 18 Nowadays, miRNAs are emerging as important contributors to many normal homeostatic processes, including regulation of metabolic pathways, cellular stress, immune defense and inflammation. [19] [20] [21] Interestingly, alterations in miRNA expression profiles have also been observed in a variety of chronic diseases, such as cancer and diabetes. 22, 23 Furthermore, miRNA expression patterns and their role in liver diseases are another recent acquisition. 24, 25 In fact, although a differential miRNA expression pattern was found in the liver of hepatitis B and C virus infected individuals, and specific miRNAs (ie miR-122) have been associated to cirrhosis and hepatocellular carcinoma, the association between miRNAs and NAFLD is still poor known. 25 Four recent reports analyzed miRNA profiles in animal models and human NAFLD. [26] [27] [28] [29] Li et al 26 found that miR-34a, miR-31, miR-103, miR-107, miR-194, miR-335-5p, miR-221 and miR-200a were upregulated, whereas miR-29c, miR-451 and miR-21 were downregulated in liver of mice with diet-induced NASH. However, the expression levels of specific hepatic miRNAs during NAFLD pathogenesis are still controversial. For example, the expression of miR-122 may be either downregulated in humans and mice, or upregulated in rats. [26] [27] [28] All these findings confirm a connection between definite miRNA signatures and pathogenesis of NAFLD, but also suggest that further investigations are required.
We hypothesized that miRNA profiles of liver tissues derived from a model that mimics all the spectrum of histological features of human NAFLD (ie steatosis, ballooning and fibrosis) may elucidate the molecular mechanisms involved in the development of fatty liver and its progression to NASH. We choose, as animal models of NAFLD, rats treated with different dietetic regimens, a standard diet (SD) or a high-fat diet (HFD) both enriched or not with fructose (HF). Our results demonstrated that a dysregulated miRNA expression pattern is associated with different histological damages and metabolic derangement in NAFLD. Furthermore, we identified novel disease-specific miRNAs and proteins that in a near future might be either considered as potential targets for therapeutic intervention or early predictors of NASH.
MATERIALS AND METHODS Animals and Diets
Twenty-four Sprague-Dawley rats weighing 100-120 g each were obtained from (Harlan Italy, San Pietro al Natisone, UD, Italy). Rats were fed four different diets: a SD and a high-fat diet (HFD) both enriched or not with fructose (HF). SD was composed of 5% of energy derived from fat, 18% from proteins and 77% from carbohydrates all for a total of 3.3 kcal/g, whereas HFD contained 58% of energy derived from fat, 18% from protein and 24% from carbohydrates, for a total of 5.6 kcal/g. Fructose was added to the drinking water (30%w/v). After 3 months of treatment, rats were killed. Liver tissue and portal blood samples were collected to perform the experiments. Rats were housed in plastic cages under standard conditions with free access to water and food, and treated in agreement with the guidelines of the local committee for care and treatment of laboratory animals.
Biochemical Determinations
Serum samples were obtained from portal blood after 2000 g centrifugation at 41C for 15 min. Serum was used to measure levels of alanine aminotransferase (ALT), triglycerides, total cholesterol, glucose and insulin, by ELISA kits according to the manufacturer's instructions. ALT assay kit was purchased from Randox Laboratories (Antrim, UK); triglycerides and cholesterol assay kits were purchased from Cayman Chemical (Ann Arbor, MI, USA); glucose assay kit was purchased from Abcam (Cambridge, MA, USA) and rat insulin enzyme immunoassay kit from SPI-BIO (France).
Liver Histology and Immunohistochemistry
Liver was fixed in 40 g/l formaldehyde, embedded in paraffin. A measure of 5 mm sections were stained with hematoxylin and eosin (H&E) and Van Gieson (VG) and examined by a pathologist. The presence and degree of steatosis was evaluated on H&E-stained sections as previously described 30 ; whereas, VG staining was used to evaluate the presence of fibrosis.
Immunohistochemistry was performed as described by the manufacturer by using antibodies specific for rabbit antiCollagen VI (Rockland, Gilbertsville, PA, USA) and mouse anti-CD163 (Dako, Carpinteria, CA, USA). Detection of the primary antibody was carried out by using the appropriate secondary biotinylated antibody (Vector Laboratories, Bridgeport, New Jersey, USA) and the peroxidase DAB kit (Dako).
miRNA Microarray
Total RNA from liver tissue of each animal was extracted with TRIzol reagent according to the manufacturer's protocol (Invitrogen, San Giuliano Milanese, Italy). A measure of 5 mg of RNA were used for miRNA microarray (LC-Sciences, Houston, TX, USA). In particular, at least three samples of each group were labeled with Cy3 and Cy5 fluorescent dyes and hybridized to a single array (mParaFlo microfluidics chip) that included 350 mature rat miRNA probes (miRNABase 11.0), and 50 probes for quality control. After hybridization and signal detection, background was subtracted from raw data and values were normalized using the LOWESS (locally weighted regression) method. 31 Significant miRNAs (analysis of variance (ANOVA), P-valuer0.05), with a fold-change expression variation of at least 1.4 (0.74fold change41.4) in diet-treated rat with respect to control, were clusterized using average-linkage algorithm and Euclidian distance correlation as similarity measure. Hierarchical clustering was performed using GeneSpring (Ver 7.2) software.
miRNA Expression by qRT-PCR Quantitative real-time PCR was performed to validate differentially expressed miRNAs (P-valuer0.05), using stemloop primers specifically designed for the analysis of mature miRNA assays. cDNA was synthesized from 5 ng of total RNA using TaqMan MiRNA Reverse Transcriptase (Applied Biosystems, Foster City, CA, USA) according to the manufacturer's instructions. RT-PCR was performed with the RT product, TaqMan Universal Master Mix, primers and probe mix (TaqMan MiRNA Assay kit, Applied Biosystems). Each PCR reactions were run in triplicate. Amplification and detection were performed with the ABI PRISM 7700 Sequence Detection System. The endogenous control U6 (ABI) was used for normalization and the relative quantity of miRNAs was calculated by 2
ÀDDCT method, comparing diet-treated rats to control. 32 
Identification of Potential miRNA Targets
Gene targets of significant differentially expressed miRNAs were identified by prediction software including MiRanda 3.0 from miRBase Release 12.0 (http://www.mirbase.org), TargetScan 5.1 (http://www.targetscan.org/) and miRecords (http://miRecords.umn.edu/miRecords/). All miRNA targets were categorized into functional classes using gene ontology hierarchy (http://www.geneontology.org and DAVID Bioinformatics Resources). Targets of each miRNA, predicted by miRecords, were investigated to share common biological processes and derived their statistical enrichment using PANTHER classification system (Celera Genomics, Foster City, CA, USA). 33 
Western Blotting
Liver tissue samples (100 mg) were minced and lysed in icecold RIPA buffer supplemented with protease inhibitors as already described. 34 Briefly, samples were electrophoresed in 10-12.5% SDS-PAGE and transferred onto PVDF membrane (Amersham, Germany), blocked with 5% nonfat dried milk and incubated with appropriate primary and secondary antibodies. Immunoblots were visualized with the ECL detection system (Amersham). All used primary antibodies were purchased from Santa Cruz Santa Cruz Biotech. (CA, USA). Quantification of bands was determined by densitometric analysis, final densitometric readings were normalized against b-actin.
mRNA Expression by RT-PCR
The expression levels of nine mRNAs and the endogenous control gene ActB were measured in each sample by real-time PCR using TaqMan Gene Expression assays on ABI PRISM 7900HT Sequence Detection System (Applied Biosystems) (see Supplementary Table S1 ). For each sample, three replicates were run for each gene in a 96-well format plate. A measure of 1 mg of total RNA from each total RNA sample was used to generate cDNA using the high-capacity cDNA Archiving Kit (Applied Biosystems). Real-time PCR reactions were carried out following the manufacturer's protocol. Gene expression values were determined as DCt (Ct (sample) ÀCt (GAPDH) ) and relative quantities between different samples were determined as DDCt (DCt (sample1) ÀDCt (sample2) ). 32 
Statistical Analysis
Statistical comparison between various groups was performed by one-way ANOVA, with least significant difference post hoc test, using the SPSS software (version 12.0.2). Comparisons were made between means from three independent experiments and differences were considered significant when P-values were o0.05.
RESULTS

Body Weight, Metabolic Variables and Liver Histology After Different Dietetic Treatments
At the end of the 3-month diet, we observed different patterns of the body weight and metabolic alterations among the various groups (Figure 1a-f) . HFD, SD-HF and HFD-HF rats gained more body weight than those consuming the SD, although no difference in body weight among the groups feeding hypercaloric diets was found. Serum levels of ALT and triglycerides were greatly influenced by high-fat diet alone or in combination with fructose, whereas levels of total cholesterol were unchanged by diets. No significant differences in serum glucose levels were found, whereas serum levels of insulin were significantly enhanced by all dietetic regimens with respect to the controls (SD).
As revealed by the staining with H&E (Figure 2 ), liver of rats fed with different dietetic regimens showed histological changes with respect to SD livers, which have no evident abnormalities. The HFD tissues present a mild steatosis, whereas the SD-HF group was essentially characterized by ballooning in numerous hepatocytes. The combination of high-fat diet with an excess fructose intake (HFD-HF) provokes ballooning associated to mild steatosis. This analysis revealed no significant inflammation. The VG staining demonstrated that only liver tissue from HFD-HF rats showed the presence of rare fibrosis (data not shown). To better evaluate the liver damage, we performed an immunohistochemical analysis of collagen VI (marker of fibrosis) and Figure 2 , increased positivity for collagen VI and CD163 was observable only in liver tissues from rats treated with combined diet (HFD-HF).
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CD163 (marker of activated Kupffer cells). As reported in
miRNA Expression Profiling and Functional Classification of Their Targets
To identify possible variations in the expression pattern of miRNAs associated to diet-induced hepatic damage, we performed a large-scale expression profiling analysis of 350 rat mature miRNAs on liver tissue from SD, HFD, SD-HF and HDF-HF rats. We performed an unsupervised hierarchical clustering on miRNA expression data (Figure 3a) . Fourteen miRNAs resulted significant (Po0.05) and deregulated with a fold change of at least 1.4 in at least one treatment, with respect to the control. Fold change and statistical significance were reported in Figure 3b .
In particular, we found that miR-27a, miRNA-122, miR-451, miR-145, miR-31, miR-429, miR-200a and miR-200b were similarly deregulated in all treatments, and other three miRNAs (miRNA-21, mR-192 and miR-99a) were significantly altered in HFD-HF combined diet vs single diets (HFD or SD-HF). Other three miRNAs (miR-24, miR-140* and miR-93) were variably expressed. These miRNAs were used for investigating the association between their targets and pathways involved in the pathogenesis of NAFLD. For each miRNA, targets obtained by the bioinformatic prediction were classified according to biological processes correlated with the disease. Among biological processes mainly correlated to NAFLD we included apoptosis, calciummediated signaling, carbohydrate metabolism, cell glucose homeostasis, cell homeostasis, cell-cell signaling, cytokine and chemokine-mediated signaling pathway, defense response, fatty acid metabolism, intracellular signaling, lipid metabolism, regulation of cell cycle, response to stress and signal transduction (see Supplementary Table S2 ).
Real-time Validation of miRNA Expression
For the real-time PCR validation, we selected those miRNAs associated with at least three biological processes considered above (miR-122, miR-27a, miR-200a and miR-429) (Figure 4) . We also included miR-200b and miR-451 because the former belongs to miR-200b-429 cluster, and the latter has the lowest expression in all dietetic regimens with respect to the control. Finally, we included in the real-time PCR validation also miR-21, miR-99a and miR-192, significantly altered upon combined diet (HFD-HF) with respect to single diets.
Real-time PCR confirmed that miR-122, miR-451 and miR-27a were downregulated in HFD, SD-HF and HFD-HF with respect to the SD (Figure 5a-c) , whereas miR-429, miR200a and miR-200b were upregulated in all hypercaloric regimens compared with the control (SD) (Figure 5d-f) . Interestingly, miR-21 was downregulated only in diets enriched with fructose (Figure 5g) . Moreover, the differential expression of these miRNAs in all hypercaloric regimens was significant (Po0.05) compared with SD. No statistically significant variations in the expression of miR-99a and miR-192 were found (Figure 5h and i) .
Relationship Between miRNAs and Proteins Potentially Determinant in NAFLD
It has been already reported that microarray experiments might reveal the systematic inverse correlation between the miRNA expression and their potential target transcripts. [35] [36] [37] However, as shown in specific public databases (miRBase and TarBASE), each miRNA has been predicted or validated for the regulation of several molecular targets. Thus, the validation of all 'real' miRNA targets in a specific in vivo system should require very demanding and expensive analyses. Here, we found a large number of rat-specific targets for miRNA-122, miRNA-200a, miRNA-200b, miRNA-429, miRNA-451, miRNA-27a from bioinformatic prediction. Thus, to bypass the complication because of the surplus of possible targets we refined data, and then we focused the analysis only on some molecules with a potential determinant biological role in diet-induced NAFLD. In Figure 6 , we graphicated the relationship between a specific miRNA, molecular targets and biological processes for a few interesting molecules potentially involved in NAFLD development. Interestingly, some of these determinants, such as lipopolysaccharide-induced tumor necrosis factor a (LITAF) and phosphatase and tensin homolog (PTEN), might be common targets for multiple miRNAs (cooperativity) and might be involved in different metabolic processes (ie lipid metabolism, apoptosis and cytokine/chemokine-mediated signaling pathway).
Among various targets, we validated protein kinase C (PKC)d, peroxisome proliferator-activated receptor (PPAR)g, LITAF, ALDOLASE-A, p38 mitogen-activated protein kinase (p38MAPK), PTEN, LIPIN1, EFNA1 (EPHRIN-A1), EPHA2, FLT-1 (also named vascular endothelial growth factor receptor-1), RICTOR, TP53, STAT1 and STAT2 by western blotting analysis, performed on liver tissue from rats treated with different dietetic regimens. The expression levels of RICTOR, TP53, STAT1, STAT2 and PPARg were similar in SD and in all hypercaloric diets (HFD, SD-HF and HFD-HF) (see Supplementary Figure S1 ). On the other hand, the analysis of protein expression pattern of PKCd, LITAF, ALDOLASE-A, PTEN, LIPIN1, EPHRIN-A1 and EPHA2 revealed, as expected, an anti-parallel trend with respect to their associated miRNAs (Figure 7) . In particular, an increased expression of PKCd, LITAF, ALDOLASE-A and p38MAPK was found in all HFD, SD-HF and HFD-HF rats, whereas protein levels of PTEN, LIPIN1, FLT-1, EPHRIN-A1 and EPHA2 are greatly downregulated in hypercaloric regimens with respect to the control diet ( Figure 7 ).
Assessment of mRNAs Encoding for Novel Determinants in NAFLD
To investigate whether the effect on protein expression, following the different diets, is attributable to variations of miRNAs, mRNAs or both, we assessed, by real-time PCR, the expression levels of nine mRNAs associated to investigated proteins (Figure 8 ). Only LITAF, PTEN, LIPIN1, EPHRIN-A1, EPHA2 and FLT1 mRNA showed a statistically significant deregulation (Po0.05) greater than ±1.5 fold of change in at least one of dietetic regimen.
DISCUSSION
NAFLD is a multifactorial disease predominantly regulated by the interplay of genetic predisposition and environmental factors. 38 It is commonly accepted that the molecular mechanisms involved in the development and progression of NAFLD are similar to those leading to the obesity and metabolic syndrome. In fact, the dysregulation of lipid metabolism, insulin signaling, inflammatory response and immune response have important role in the onset and outcome of NAFLD. 7, 8 The era of high-throughput technologies has revolutionized the common approach to studying NAFLD pathogenesis. In particular, miRNA expression patterns have been associated to different stages of NAFLD. 24, 25 Here, we identified some differentially expressed miRNAs in diet-induced model of NAFLD. We found that rats fed HFD or SD-HF showed, respectively, only a mild steatosis or ballooning. In HFD-HF rats, the state was aggravated by the sum of these histopathological conditions; but also by the presence of perisinusoidal fibrosis as indicated by the increased collagen VI component, and by the increase of CD163-positive cells in liver parenchyma suggestive of Figure 5 Real-time PCR validation of upregulated and downregulated miRNAs. Relative quantity of all miRNAs (a-i) is reported with respect to the control considered as 0. MiRNAs of HFD, SD-HF and HFD-HF, reported in panels (a-g), are differentially expressed with significant P (o0.05) vs control. a pre-inflammatory state. The levels of miRNAs potentially regulating the transcripts of factors involved in fatty acid metabolism, inflammatory cytokines, cell growth and apoptosis, signal transduction and fibrogenesis were significantly altered by all hypercaloric regimens, especially in HFD-HF rats. In keeping with a previous published study, we confirmed the downregulation of miR-122. 26 In liver, miR-122 regulates several targets affecting lipid homeostasis, including fatty acid synthase, 3-hydroxy-3-methyl-glutarylcoenzyme A reductase and their transcriptional activators, the sterolresponse-element binding protein-1c and 2. Therefore, miR-122 downregulation may have a significant role in the pathogenesis of the disease. However, downregulation of miR-122 is not a distinctive signature of NASH; in fact, has been previously described in hepatocellular carcinoma, suggesting its potential role in liver cancer development. 39 In addition, it has been recently reported that the hepatic transcription of miR-122 locus is under circadian control. 40 The increased expression of levels of miR-200a, miR-200b, miR-429, belonging to the same genomic cluster, were found in our model of NAFLD, and it is in agreement with other studies. 26, 27 Contrarily from that observed by Vinciguerra et al, 41 but equally to Li et al, 26 we observed a significant downregulation of miR-21 that seems to be unrelated to PTEN expression, but to other potential targets such as LITAF. Recently, an interesting role in liver fibrogenesis was attributed to the upregulation of miR-27a and miR-27b 42 ; in our model, the downregulation of miR-27a appears mainly associated to the inflammatory molecules and fatty acid metabolism. The role of the downregulated miR-451 observed in diet-induced NAFLD, as well as in human NASH, 27 still remains obscure. In fact, in our study we have not identified any potential-associated proteins/mRNA.
Herein, we demonstrated deregulation of other interesting miRNAs in NAFLD. On the basis of our bioinformatic target prediction, these miRNAs may have a role in the regulation of biological processes closely related to NAFLD pathogenesis. Noteworthy, we found that predicted targets, such as PPARg, PKCd, ALDOLASE-A and LITAF were upregulated in HFD, SD-HF and HFD-HF rats. Protein levels of PTEN, LIPIN1, EPHA2 and EPHRIN-A were instead decreased in rats treated with hypercaloric regimens. PPARg, PTEN and PKCd are well known molecular actors in NAFLD. PPARg belongs to a family of transcription factors involved in the regulation of intracellular fatty acid oxidation and storage. 43 In agreement with our miRNA data, the hepatic expression Figure 6 Schematic representation of potential determinants in the pathogenesis of NAFLD. Predicted targets were obtained from different prediction programs including TargetScan, miRanda and miRecords. All molecular targets were functionally classified using gene ontology annotation. levels of PPARg mRNA and protein were upregulated by high-fat diet. 44 PTEN is a phosphatase that antagonizes the PI3K/AKT signaling pathway by dephosphorylating phosphatidylinositol-3,4,5-triphosphate. PTEN is downregulated in models of NAFLD and its knockdown predispose mice to develop NASH and hepatocellular carcinoma. 45, 46 Finally, it is not surprising to find the hepatic PKCd upregulation in diet-induced NAFLD, because this protein is actively involved in the regulation of hepatic insulin resistance. 47 However, in addition to these already known proteins, our study revealed the deregulation of other new molecular determinants that could be involved in the development of NAFLD, as well as in its progression to advanced fibrosis and hepatocellular carcinoma. For example, LIPIN1 deficiency results in defective adipogenesis in cases of mouse fatty liver dystrophy and human lipodystrophy, whereas polymorphisms in its encoding gene was found associated to metabolic syndrome. 48, 49 Thus, defects in LIPIN1 gene could be signs of an individual predisposition to make NAFLD in the presence of an excessive dietary intake. The data on LITAF and its possible upregulation during diet-induced NAFLD is also very interesting. LITAF, in fact, has been identified as a transcription factor activated by lipopolysaccharide and capable of activating the promoter of several proinflammatory cytokines. 50 In our system, especially in conditions characterized by excessive dietary intake of fructose, LITAF might be one of the key players that links an increased endotoxemia, toll-like receptor-4, necro-inflammation and the development of NASH. 51 Interestingly, the increased expression of ALDOLASE-A could be correlated in part with the activation of hypoxia-inducible factor-1 (HIF-1)a. Indeed, HIF-1a, considered as an important regulator of profibrotic and vasoactive mediators in hypoxic hepatocytes, mediates the increased expression of ALDOLASE-A in endotoxemic rats. 52, 53 On the other hand, ALDOLASE-A, usually absent in the adult liver, might be an early signal that precedes neoplastic transformation and development of hepatocellular carcinoma, which occurs in some very advanced stages of NASH. 54 Worthy of further studies is the hepatic expression level of EPHRIN-A1 and its receptor during dietinduced NAFLD, because of the many cellular functions that these proteins pursue in physiological and pathological conditions. 55, 56 The real role of p38MAPK upregulation in the NAFLD pathogenesis is still unclear even though it was previously demonstrated that this kinase together with ERK is remarkably activated in rodent models of NAFLD. 57 Our data, agree with other studies which found that hepatic expression of FLT1 mRNA was decreased in obese mice compared with lean mice and suggest a potential involvement of vascular endothelial growth factor and its receptor in the pathogenesis of NAFLD. 58 In a general view, it is recognized that protein expression is directly correlated to the expression of its cognate mRNA, which in turn generally is inversely correlated to the expression of its regulatory miRNA(s). Our data demonstrated that this phenomenon is plausible to explain LITAF increase, PTEN and FLT1 decrease, in all hypercaloric regimens. In the case of LIPIN1 and EPHA2, the antiparallel trend between miRNA and mRNA/protein is straight only in some dietetic regimens. On the other hand, although the protein expression of EPHRIN-A1 seems to be inverse to miR-200b-429 cluster, the mRNA expression is uncorrelated either to these miRNAs, or protein levels. In all these cases, the apparent discrepancy between miRNAs and mRNA/protein expression might be explained with the involvement of miRNAs acting as post-transcriptional repressors. 59, 60 Our findings demonstrate that some miRNAs and some of their targets may correlate with the development of fatty liver and/or progression of nutritional steatohepatitis. Obviously, further investigations will be required to completely understand the association among miRNA profiles, protein targets and NAFLD pathogenesis. These should include (1) validation of protein expression changes in individuals with different stages of diseases and (2) in vitro experiments for miRNA-mRNA interaction assessment.
Furthermore, our results highlight the importance of experimental/bioinformatics to decipher the myriad of data and to solve both physiologically and pathologically relevant issues. 61 In our case, the information of mirnome analysis represents a good starting point to better understand the pathogenetic mechanisms of NAFLD, as well as to identify potential therapeutic targets, early diagnostic markers of NASH, and finally predictors of hepatocellular carcinoma.
